The equilibrium geometrical structures of Cs"and OCs"clusters have been obtained by a method that, in the framework of density-functional theory, describes the ion-electron interaction by means of a pseudopotential that is spherically averaged about the cluster center. In the size range studied (up to n =78 and 70, respectively) the clusters present well-separated atomic layers for which the distances to the two closest neighbors of each atom have been analyzed, showing that there is an inhomogeneous shrinking of the geometrical structure, in the sense that the distances obtained for atoms in the inner layers are lower than those for the outer ones. The analysis of the growing of the clusters suggests that the equilibrium geometries are those for which any atom of the aggregate has its closest neighbor at a distance lower than the nearest-neighbor distance of the pure bulk metal. For small (n~20) pure clusters, geometries of high symmetry have been found, which are completely modified by the presence of the oxygen impurity. A regular octahedron is formed around the oxygen atom in most cases.
I. INTRODUCTION
Metallic clusters are remarkable examples of finite quantum systems. The size dependence of some of their properties, for example, the abundance spectra and the ionization potentials (IP), is well understood, for the case of simple metallic elements, in the framework of the jellium model, ' which is an extension of the free-electron model of bulk metals. In the case of clusters, the quantum states of the valence electrons are determined by the self-consistent mean field produced by the finite positive ionic distribution, considered as continuous (jellium model) , and the electron-electron interaction. For clusters with number of atoms n smaller than 100, the assumption of a homogeneous spherical jellium distribution allows the reproduction of experimentally found local maxima in the abundances, magic numbers, which coincide with those clusters with completely filled electronic shells and with the next empty shell well separated in energy. ' The corresponding ionization potentials present a steplike behavior when we pass from the magic cluster n to its neighbor n+1, in agreement with experiment, although the calculated drops are, in general, greater than the measured ones. Recently, experimental results on the abundances have been obtained by Martin and co-workers for large clusters of OCs", with n~600 (Ref. 8) and Na", with n~1500 (Refs. 9 and 10), which have been explained by means of an inhomogeneous jellium model. A positive density that is higher than the bulk average value is needed at the center of the cluster in order to produce the bunching of the electronic levels necessary to give the right sequence of magic numbers. Martin and coworkers found it impossible to predict the experimental values of the most abundant clusters, for n + 100, with a homogeneous distribution, although both distributions give the same sequence for the light clusters, n~100. The calculated ionization potentials for the centrally compressed spherical background present also steps at those magic numbers observed experimentally for large clusters and a reduction of step size in the IP values for light clusters, n~100. '
In this contribution we present an analysis of the equilibrium geometries obtained for Cs"with 3~n~78 and OCs", 3~n~70, using a model that, in the framework of density functional theory, includes also the ionic structure of the aggregate, transcending the jellium model but retaining the spherical assumption for the external potential. The ion-electron interaction for the valence electrons is thus approximated by the spherical average of the pseudopotential (SAPS method"). Some results concerning the cohesive energies, electronic structure, ionization potentials, embedding energy of the oxygen 
II. THK MABEL
The model used to calculate the electronic and geometrical structures of the clusters has been presented in detail elsewhere" ' ' and we stress here only the main points. For an initial geometry of the cluster, the KohnSharn equations of density-functional theory ' are selfconsistently solved, using the local-density approximation for the exchange-correlation energy. Afterward the ionic coordinates are moved, with a steepest-descent method and preserving the self-consistency between the ionic positions and the electronic density, to obtain the equilibrium geometry and the corresponding ground-state total energy E. To avoid trapping in a local minimum several initial random geometries are considered (40 for pure clusters and 70 for the OCs"). An empty-core pseudopotential is used to describe the ion-electron interaction with a core radius, r, (Cs) =2.74 a.u. , which leads to the experimental ionization potential in the free-atom limit for the same density functional method. The total ionic potential of the cluster is spherically averaged around the center of mass of the cluster. This is equivalent to using the spherically averaged electronic density in the calculations and it is the most drastic approximation of our model which must be more accurate the bigger the cluster becomes. However, the exact ion-ion repuslion is included in the calculations, which makes the total energy a function of the precise location of the atoms. For QCs" all the electrons of the oxygen atom are considered in the calculation and the positive nuclear charge is always located at the center of mass of the cluster reinforcing the spherical symmetry assumed for the aggregate. scribed such that new shells appear in the innermost region of the cluster when certain conditions are met. This can be appreciated in Fig. 1 In the case of Cs" Fig. S Fig. 5(b) , with the corresponding increment in the standard deviations. The reason is that for 7 n~13 the closest distance between atoms in the outer shell is, as mentioned above, bigger than the mean radius of the shell, being Cs&3, a centered icosahedron, the first cluster for which both distances are similar.
&n Fig. 5(b that present relevant properties of symmetry. Also, the corresporlding geometries for QCs"are given for comparison. Cs&5 is a bicapped hexagonal antiprism with a cenr 1 atom Csi6 has a D3a symmetry and can be described as a centered trigonal prism with two atoms over each rectangular face and one more centered over each of the long edges of these faces, Cs» is a centered pentagonal prism capped in all its faces preserving a fivefold symmetI y aIld Cs ] 9 is the first cluster with two atoms in the inner part, its external structure being identical to the oIle of Cs i 8. Finally CS20 is given in Fig. 8 Fig. 4 . For the other clusters we obtain pentagonal bipyramid, n =7; square antiprism, n =8; tricapped trigonal prism, n =9 (this is the first cluster with two separated atomic layers, of six and three atoms, respectively, and its geometry is given in Fig. 9 ). The geometries for OCsIO and QCs» are given in Fig. 7 Cs46 (upper) and Cs53 (lower) . The values of (d) are as in Fig. 9. cal layers around the cluster center and that those geometries for which no atom has its closest neighbor at a distance clearly greater than dNN (bulk nearest neighbor) are preferred as equilibrium geometries. The ionic bonding of the oxygen impurity strongly modi6es the structural arrangement of Cs"clusters and, on the other side, it produces a stable inner structure (mostly an octahedron) around which the rest of the Cs atoms are located, also in spherical layers. In the growing of this external part the formation of a new intermediate shell seems to be ruled by the same condition as for pure clusters: no closest neighbor at a distance greater than d NN. The 
